This paper presents the application of fuzzy logic technique to reduce torque ripples in an induction motor drive employing direct torque control (DTC). The DTC is characterized by the absence of PI regulators, coordinate transformations, current regulators and PWM signals. The main drawback of DTC is its high torque ripples. In this proposed technique, the two hysteresis controllers are replaced by fuzzy logic controllers (FLC 1 and FLC 2). The distortions in flux, current and torque can be easily reduced by applying the selected inverter voltage vector only for the part and not for the entire switching period unlike in conventional DTC. The performance of the proposed system is evaluated through digital simulation using MATLAB -SIMULINK package. The simulation results verify the superiority of the proposed technique to the conventional DTC technique.
INTRODUCTION
Advanced control of electrical machines requires an independent control of magnetic flux and torque. In early days dc machine played an important role since the magnetic flux and torque are easily controlled independently by the stator and rotor currents respectively. The introduction of field oriented control (FOC) in 1970s made huge turn in the control of induction motor drive. FOC uses frame transformation to decouple the torque and flux components of the stator current [1] . Therefore the performance of IM becomes similar to that of the dc motor. The implementation of this system however is complicated and is well known to be highly sensitive to parameter variations due to the feed forward structure of its control system [2] . Later in the eighties a new control technique named Direct Torque Control is introduced [3] , [4] . The DTC is characterized by its simple structure and fast dynamic response. Also the inverter is directly controlled by the algorithm, i.e. a modulation technique for inverter is not needed. The main advantages of DTC are absence of coordinate transformation and current regulator, absence of separate voltage modulation block [5] . Common disadvantages of conventional DTC are sluggish response in both starts up and load changes [6] . Recent advancements in DTC systems include the use of unified flux control scheme [7] , stator flux vector control in field weakening region [8] , intelligent techniques [9] - [11] , torque ripple minimization techniques [12] , space vector modulation (SVM) technique [13] , SVM with adoptive stator flux observer [14] , Field Programmable Gate Array (FPGA) [15] .
In the conventional DTC, hysteresis controllers are a two value bang bang controllers, which has the same outputs for both small and big torque errors. Therefore torque ripples are produced. The torque ripples can be minimized by dividing the torque errors into several intervals on which control action taken. In this paper fuzzy logic based direct torque control is proposed. Here two fuzzy logic controllers for both flux and torque are proposed along with space vector modulation. The fuzzy controllers allow faster response and SVM technique provide a constant inverter switching frequency so small torque ripples and current distortion.
The proposed technique is simulated in MATLAB-SIMULINK package to validate the performance of the algorithm.
PRINCIPLES OF DTC
DTC provides very quick response with simple control structure and hence this technique is gaining popularity in industries [16] . In DTC, stator flux and torque are directly controlled by selecting the appropriate inverter state. The stator currents and voltages are indirectly controlled hence no current feedback loops are required. Nearly sinusoidal stator fluxes and stator currents enable high dynamic performance even at standstill [5] .
The generic DTC scheme for a Voltage source PWM inverterfed IM drive is shown in Fig.1 
BASIC SWITCHING TABLE AND SELECTION OF VOLTAGE VECTORS
The basic idea of the switching table DTC concept is shown in Fig. 1 (1) and (2)
And those of the torque controller as in equations (3), (4), (5), 
create a digital word where, active switching vectors V1, V2, V3, V4, V5, V6 and two zero switching vectors V0 and V7 determine the switching sequence of the inverter. Depending on inverter switching pulses, PWM is achieved and hence stator voltages and currents are controlled [3] . Therefore to obtain a good dynamic performance, an appropriate inverter voltage vectors V i (i=1 to 6) have to be selected. 
Stator Flux Control
By selecting the appropriate inverter output voltage V i (i=1-6), the stator flux Ψ s rotates at the desired frequency ω s inside a specified band. If the stator ohmic drops are neglected, the stator voltage impresses directly the stator flux in accordance with the equations (7) and (8). 
Torque Control
The electromagnetic torque given by equation (10) is a sinusoidal function of γ, the angle between Ψs and Ψ r as shown in Fig.3 . The variation of stator flux vector will produce a variation in the developed torque because of the variation of the angle γ between the two vectors as in equation (11) .
In accordance with the Fig. 1 , the flux linkage and torque errors are restricted within its respective hysteresis bands. It can be proved that the flux hysteresis band affects the statorcurrent distortion in terms of low order harmonics and the torque hysteresis band affects the switching frequency. The DTC requires the flux and torque estimations, which can be performed as proposed in this model, by means of two different phase currents and the state of the inverter. The flux and torque estimations can be performed by means of other estimators using other magnitudes such as two stator currents and the mechanical speed, or two stator currents again and the shaft position [3] . 
Flux error fuzzification
The flux error is obtained from equation ( 
Electromagnetic torque error fuzzification
Torque error is obtained from the reference electromagnetic torque and estimated electromagnetic torque as in equation (13) .
ΔT e = T e * -T e (13) The linguistic variables are negative value, zero value and positive value denoted as NE, ZE and PE. The membership functions for torque error are shown in fig. 6 ΔT ( 
SIMULATION RESULTS
To study the performance of the proposed SVM based DTC with fuzzy logic controllers, simulation was carried out using MATLAB/SIMULINK simulation package.
Fig. 7 Simulink model for SVM based DTC with fuzzy logic controllers
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The proposed system is shown in fig. 7 fig.8 the flux and torque pulsations are smaller in the proposed SVM based DTC with fuzzy controllers compared with conventional DTC. Fig. 9 shows the speed response obtained in speed control mode of DTC after introducing a PI controller. 
CONCLUSIONS
In this paper a new space vector modulation based direct torque control technique with fuzzy logic controllers were proposed. The main focus of this paper is to minimize the torque pulsations in the conventional DTC. The proposed control technique was modeled and simulated in MATLAB/SIMULINK environment. The simulation results proved the superiority of the proposed control technique. i.e. the SVM preserves constant switching frequency and fuzzy logic technique improves the torque control dynamic performance by reducing the torque pulsations.
